Abstract ncRNAs (non-coding RNAs), in particular long ncRNAs, represent a significant proportion of the vertebrate transcriptome and probably regulate many biological processes. We used publically available ESTs (Expressed Sequence Tags) from human, mouse and zebrafish and a previously published analysis pipeline to annotate and analyze the vertebrate nonprotein-coding transcriptome. Comparative analysis confirmed some previously described features of intergenic ncRNAs, such as a positionally biased distribution with respect to regulatory or development related protein-coding genes, and weak but clear sequence conservation across species. Significantly, comparative analysis of developmental and regulatory genes proximate to long ncRNAs indicated that the only conserved relationship of these genes to neighbor long ncRNAs was with respect to genes expressed in human brain, suggesting a conserved, ncRNA cis-regulatory network in vertebrate nervous system development. Most of the relationships between long ncRNAs and proximate coding genes were not conserved, providing evidence for the rapid evolution of species-specific gene associated long ncRNAs. We have reconstructed and annotated over 130,000 long ncRNAs in these three species, providing a significantly expanded number of candidates for functional testing by the research community.
Introduction
Protein-coding genes account for only a small proportion of vertebrate genome complexity, specifically, only ,2% of the human genome [1] . With better and more sensitive methods for studying gene expression, such as genome tiling arrays and deep RNA sequencing, we now know that vertebrate ''RNA-only'' transcriptomes are much more complex than their protein-coding transcriptomes [2, 3, 4, 5] . Studies of some vertebrate genomes have indicated that there are tens of thousands of ncRNAs (non-coding RNAs) [6, 7, 8] , including structural RNAs, such as ribosomal RNAs, transfer RNAs and small non-coding regulatory transcripts such as siRNAs (small interfering RNAs), miRNAs (micro RNAs) and piRNAs (piwi-interacting RNAs) [9] . In addition to these wellcharacterized ncRNAs, there are a substantial number long ncRNAs, only a few of which have been functionally characterized [10, 11, 12, 13, 14] .
The few functionally characterized long ncRNAs have various regulatory roles ranging from gene imprinting [15, 16] , to transcriptional activation/repression of protein-coding genes [17, 18] . Specific long ncRNAs have been found with roles in neural development [19] and cell pluripotency [20, 21] . Long ncRNAs have also been implicated in pathological processes resulting from aberrant gene regulation [13, 22, 23] . But not all long ncRNAs are the same and a number of different methods have been used to discover and annotate them. Guttman et al. identified thousands of lincRNAs (large intervening/intergenic non-coding RNAs) in mouse using chromatin signatures [10] , and Khalil et al. extended the catalog of human chromatin-signaturederived lincRNAs to ,3,300 using the chromatin-state maps of 6 human cell types [11] . Many more lincRNAs have been reconstructed from RNA-seq data from multiple sources in human, mouse and zebrafish [12, 14, 24] and over a thousand long ncRNAs, some of which showed enhancer-like activity, were characterized based on GENCODE annotation [25] .
Extrapolation from the limited set of experimentally validated long ncRNAs supports the idea that long ncRNAs are a ''hidden'' layer of gene regulation. Two lines of evidence supporting this view are their (modest) level of evolutionary sequence conservation and spatial association with regulatory genes. In this report we present the first systematic and methodologically comparable evolutionary analysis of ncRNAs.
In order to determine the full extent of evolutionary conservation of ncRNAs, we used a pipeline built for identifying bovine ncRNAs, particularly long ncRNAs, at genome scale from public EST (Expression Sequence Tag) data. By using ESTs, we were able to get comprehensive datasets of long ncRNAs from both sexes, in many different tissues, cell types, developmental stages, and experimental treatments. In this report we have used this pipeline to analyse all publically available human, mouse and zebrafish ESTs and we present the first global and systematic comparative analysis of non-protein-coding transcriptomes across different species.
We have found large numbers of novel long ncRNAs, many of which originate from the flanking regions of protein-coding genes. Furthermore, we have also shown that gene flanking, intergenic RNAs show sequence conservation compared to non-transcribed genomic regions and are preferentially found near regulatory/ developmental protein-coding genes in a species-specific fashion.
Results

Genome-wide Exploration of ncRNAs from Human, Mouse, and Zebrafish ESTs
We used a previously described pipeline [26] to screen nonprotein-coding transcripts from all publically available human, mouse and zebrafish ESTs and identified over 130,000 ncRNAs (Table 1 and Table S1 , http://share:sharingisgood@genomes. ersa.edu.au/ncRNA_pub/). The large numbers of predicted long ncRNAs from human, mouse and zebrafish, together with previously identified bovine ncRNAs, confirm and significantly extend previous reports of pervasive transcription from these four organisms [1, 27, 28] .
Our long ncRNAs fell into 3 categories based on their genomic coordinates with respect to protein-coding genes; intergenic ncRNAs, intronic ncRNAs and overlapped ncRNAs, which overlapped by a small number of base pairs with exons of protein-coding genes [26] . In human and mouse, more than 50% of long ncRNAs were intronic ( Figure 1 and Table 2) , consistent with previous studies based on other methods [8] . In zebrafish, intergenic ncRNAs were far more numerous than intronic transcripts (Figure 1 ), but because of the much smaller number of zebrafish intergenic ncRNAs compared to human and mouse (Table 2) it is difficult to be sure that this difference in relative abundance of intergenic ncRNAs is real.
Because many intergenic ncRNAs have been validated as functional elements from different species [10, 12, 14, 25, 29] , we focused our analyses on all predicted intergenic ncRNAs. The distribution of intergenic ncRNAs with respect to protein-coding genes was the first question we addressed. In all three species, intergenic ncRNAs showed a biased distribution with respect to protein-coding genes at both 59 and 39 ends (Figure 2 ). This is consistent with our previous observation in cow [26] and previous observations in human and mouse based on tiling array and RNAseq analyses [30, 31] . Furthermore, we know that many functional transcripts are located in these regions [8, 31] .
Larger proportions of sense-strand intergenic ncRNAs were transcribed near the 39 end of protein-coding genes than antisense ncRNAs in all three species (Figure 2 ), but the positional distributions of intergenic ncRNAs at the 59 end of protein-coding genes showed a slightly larger proportion of antisense-strand intergenic ncRNAs, compared to sense intergenic ncRNAs in human and mouse. We considered the possibility that geneproximate 39 transcripts were un-annotated UTRs (Untranscribed regions) or alternative transcripts, so we classified these ncRNAs into two subcategories: UTR-related RNAs, that shared high sequence similarity with annotated UTRs or located within 1 kb of protein-coding genes, and ''true'' intergenic ncRNAs. These results are summarized in Table 2 . Some the UTR-related ncRNAs were transcribed from the antisense strand of nearby protein-coding genes, and these may correspond to uaRNAs (UTR-associated RNAs), which are independent transcripts with potential functional significance [32] .
Problems in the Annotation of Long ncRNA Datasets
Different methods have been used to identify several classes of long ncRNAs, especially lincRNAs, in human [10, 11, 24, 25] , mouse [12] and zebrafish [14] . We compared the genomic coordinates of our long ncRNAs from all available tissues and developmental stages in human, mouse and zebrafish, with previously annotated long ncRNA datasets in order to determine the degree of overlap in ncRNAs identified by different methods. The number of EST-based ncRNAs that overlapped with three different human ncRNA datasets was very limited (Figure 3 ). Only 2,585 ncRNAs in our dataset had overlap with transcripts in at least one of the three known ncRNA datasets ( Figure 3A ). 1,597 of them overlapped with ,16% (2,296 out of 14,353) of RNA-seq- Table 3 ). The intersection of all four of these long ncRNA datasets contained only 25 transcripts, but this is to be expected if previously annotated ncRNAs were present in RefSeq, which we used to screen out known genes transcripts from our EST input data. We confirmed the small number of overlaps between our mouse ncRNAs with four other annotated mouse long ncRNA datasets ( Figure 3B and Table 3 ). In order to confirm that this lack of overlap between our results and previously reported long ncRNAs was attributable to this screening process, we aligned them to the ESTs we used as a starting point for ncRNA identification. Depending on the dataset, we found between 46% and 99% of previously reported human ncRNAs in the EST data ( Figure 4 and Table S2 ). We discuss this further below. Because gene models are continuously being revised, we found that some of our non intergenic ncRNAs overlapped with ncRNAs previously described as intergenic (Table 3) .
Evolutionary Conservation of ncRNAs in Human, Mouse and Zebrafish
Most protein-coding genes are strongly conserved across different species, as judged by sequence alignment, and this characteristic is exploited to predict genes in newly sequenced organisms. However simple comparison of sequence alignment is insufficient to identify sequence conservation in ncRNAs because they are much less conserved than protein-coding genes. To analyze the evolutionary conservation of predicted ncRNAs, we used a maximum likelihood based method (GERP++ score) [33] . Overall, ncRNAs were conserved, compared to randomly selected un-transcribed genomic fragments, but they were less conserved than protein-coding genes ( Figure 5 ). This result is consistent with previous observations [10, 25, 26, 34] . We also found that many ncRNAs (,50% in human and ,60% in mouse, based on GERP++ score) exhibited positive selection compared to control, randomly selected un-transcribed genomic regions ( Figure 5A and 5C). Comparison of specific ncRNA subclasses showed that UTRrelated RNAs were more conserved than intergenic ncRNAs, which in turn, were more conserved than intronic ncRNAs ( Figure 5B , 5D and 5F). These observations were confirmed using two other methods, phastCons and phyloP ( Figure S1 and Figure  S2 ).
To compare the sequence conservation of our predicted ncRNAs with previously annotated long ncRNAs, we calculated the GERP++, phastCons and phyloP scores for human chromatinbased, enhancer-like and RNA-seq-based long ncRNAs ( Figure  S3 , Figure S4 and Figure S5 ). Our predicted ncRNAs showed similar, but slightly more conserved cumulative conservation curves compared to all three known ncRNA datasets.
Intergenic ncRNAs are Preferentially Transcribed Proximate to Regulatory or Developmental Genes
Many ncRNAs, particularly intergenic ncRNAs can regulate gene transcription via different mechanisms [13, 20, 25, 35] , including cis-regulatory mechanisms. We previously showed that intergenic ncRNAs were more likely to be close to regulatory genes [26] . We used the same methods to analyze the functional classification of human, mouse and zebrafish neighbor genes of gene-proximate intergenic ncRNAs. We chose intergenic ncRNAs located within 5 kb gene-flanking regions as ''gene-proximate intergenic ncRNAs'', and used GO (Gene Ontology) to functionally classify these neighbor genes in human, mouse and zebrafish [36] .
We found that genes with regulatory roles and/or associated with development were enriched in these neighbor genes across all three species with either 59 end or 39 end intergenic ncRNAs ( Figure 6 , Figure 7 , Figure S6 and Figure S7 ). But very few of these neighbor genes were conserved across species, as confirmed by ''Gene Symbol'' comparison ( Figure 8 ). However, 12 neighbor genes with 59 proximate ncRNAs in human were found to have sequence-conserved correspondents in mouse and zebrafish neighbor genes, and 96 with 39 proximate ncRNAs had sequence-conserved correspondents (Identity .60% and coverage .60%) ( Table 4, Table S3 ). Significantly the vast majority of these neighbor genes with conserved proximate ncRNAs are expressed in human brain, suggesting a conserved cis-regulatory role for ncRNAs in brain gene expression. To determine if there was a biased functional distribution of protein-coding genes, many of which are 5 kb away from other protein-coding genes, we analyzed human GO annotation for all protein-coding genes with neighbor genes within 5 kb. We found no over-representation of regulatory or developmental genes in this set, indicating that a biased distribution of protein-coding genes did not affect our finding of enriched developmental and regulatory annotation for genes neighboring intergenic ncRNAs ( Figure S8 ).
In order to determine if common GO terms were enriched across species, we compared all the significantly over-represented GO terms (p-value ,0.05) across all three species. For genes with 59 proximate intergenic ncRNAs, we found 19 overrepresented terms in common, mostly concerning regulation of different biological pathways (Table 5 ). Specific molecular function terms enriched in all three species were ''transcription factor activity'' and ''transcription regulator activity'' (Table 5 ). In 39 end neighbor genes, we found 34 significantly overrepresented common GO terms, and the majority of them were ''regulation'' associated functional enrichments, also including ''transcription factor activity'' and ''transcription regulator activity'' (Table 6) .
Taken together, these results indicated that many intergenic ncRNAs were transcribed proximate to regulatory or developmental genes in human, mouse and zebrafish. This positional bias and functional classification of neighbor genes indicated a potential cis-regulatory role for intergenic ncRNAs in the transcription of protein-coding genes.
Discussion
We have assembled and annotated the non-protein-coding transcriptome from human, mouse and zebrafish in a stringent and comprehensive fashion using all publically available ESTs. Our results increase the number of annotated ncRNAs by more than an order of magnitude and are robust and highly significant for the following reasons. First, ESTs used to assemble long ncRNAs were generated from multiple libraries from a broad spectrum of tissues/cell types, developmental stages or biological circumstances. Second, robust, highly stringent selection procedures used to assemble long ncRNAs enabled us to remove possible sequencing artifacts. Third, ESTs generated by traditional sanger sequencing technology gave longer raw reads and could be assembled into longer and more accurate consensus transcripts than possible with short read sequencing technologies used in previous studies [12, 14, 24] . In spite of these positive attributes we also have to acknowledge the potential shortcomings of our reconstructed long ncRNAs. First, many ESTs were archived without transcription orientation, thus it was difficult to deduce transcription orientations for some reconstructed ncRNAs. Second, reconstruction of ESTs from different libraries might have resulted in loss of alternative transcripts. Third, although longer raw reads enabled us to build long consensus transcripts with high accuracy, many reconstructed transcripts are possibly still not fulllength. One limitation of our results stemmed from our decision to specifically exclude repetitive ESTs from our analysis because they confounded our sequence reconstructions. This means that repeat containing ncRNAs were not included in our results.
Intergenic ncRNAs from all three species showed the same positional bias in their distribution with respect to protein-coding genes, consistent with previous observations in cow [26] . Because this positional bias was also previously reported in long intergenic ncRNAs identified using quite different methods [27, 30, 31, 37] , we propose that this is a common property for intergenic ncRNAs across vertebrate species. This biased genomic distribution could result from two possible scenarios: First, the observed positional bias is a functional attribute for intergenic ncRNAs because they Figure 3 . Overlap of our predicted ncRNAs with known human or mouse long ncRNAs from different datasets. A shows the overlap of our ncRNAs with three different human lincRNA datasets. B shows the overlap of our ncRNAs with mouse long ncRNA datasets. ''Chromatin based'': lincRNAs identified based on chromatin-state maps [10, 11] . ''Enhancer like'': long intergenic ncRNAs identified based on GENCODE [25] . ''RNA-seq based'': long ncRNAs identified by reconstruction of RNA-seq data in human. ''ES'', ''NPC'' and ''MLF'': long ncRNAs identified by construction of RNAseq data from 3 different mouse cell types. doi:10.1371/journal.pone.0052275.g003 Figure 4 . Comparisons of known long ncRNAs mapped by ESTs or non-repeat ESTs in human and mouse. ''Chromatin based'': lincRNAs identified based on chromatin-state maps [10, 11] . ''Enhancer like'': long intergenic ncRNAs identified based on GENCODE [25] . ''RNA-seq based'': long ncRNAs identified by reconstruction of RNA-seq data in human. ''ES'', ''NPC'' and ''MLF'': long ncRNAs identified by construction of RNA-seq data from 3 different mouse cell types. doi:10.1371/journal.pone.0052275.g004
cis-regulate nearby protein-coding genes through a number of possible mechanisms. Many long intergenic ncRNAs, such as enhancer-like ncRNAs and promoter-associated ncRNAs, have been validated as cis-regulators of nearby protein-coding genes [25, 38, 39] . The transcription of these long intergenic ncRNAs may remodel the chromatin status of surrounding regions, including the promoters of protein-coding loci [18, 40, 41, 42] . Another possibility is that transcription of long ncRNAs from promoter regions of protein-coding genes competes for the transcription-binding complex between long ncRNAs and nearby genes, thus balancing their transcription [17, 43, 44] . Although many long ncRNAs have been experimentally validated and fed into different gene regulation models, more functional manipulations of long ncRNAs are required to test different regulatory models. The second scenario is that these ncRNAs are fragments of un-annotated UTRs or alternative splicing isoforms. Current ncRNA identification methods are heavily reliant on the available gene models, which may be incomplete. This possibility has some support because some gene-proximate intergenic ncRNAs were similar to UTRs. Because of this possibility, all functional classifications in our analysis were based on stringent intergenic ncRNAs (all UTR-related RNAs removed). However we also observed a large number of antisense transcripts within the geneproximate intergenic ncRNAs, which cannot be categorized as possible UTRs. Moreover, many studies have identified pervasive, independent functional non-coding transcripts from gene-proximate regions, even in UTRs of protein-coding genes [32] . We conclude that our gene-proximate intergenic ncRNAs are most likely functional, but that we need to wait for further experimental testing to understand how they work [45] . We put forward our ncRNAs as good starting points for functional screening.
Long ncRNAs are pervasively transcribed across genomes in different species [1, 46, 47] . However, the true number of long ncRNAs is still not known. Previous studies using whole-genome tiling arrays demonstrated that the majority of the human genome was transcribed [2, 3, 48] . The FANTOM project also revealed thousands of long ncRNAs based on cDNAs in mouse [6] . In the past few years, different categories of long ncRNAs, particularly lincRNAs, have been annotated using a variety of methods [10, 11, 12, 14, 24, 25] . Our ncRNAs are novel because we screened out ESTs with significant similarity to RefSeqs (coding and noncoding). This novelty is confirmed by the limited overlap of our ncRNAs with previous ncRNAs. In order to assess our methodology vis a vis previous methods, we aligned previously reported ncRNAs against the raw EST data we used as input for our pipeline (See Material S1). Generally ncRNAs from other datasets based on transcriptome data were present in the ESTs, but this was not the case with ncRNAs based on prediction from chromatin state [10, 11] . When we assessed the expression of previously reported ncRNAs from chromatin state [10, 11] we found that many of these predicted ncRNAs showed no evidence of transcription based on ESTs. These ncRNAs were validated by using tiling array based expression analysis with reported expression levels of 70% within single tissues/cell types [11] . Because we found no more than 46% of these in the raw human EST data (Figure 4 , Table S2 and Material S1), we re-visited the tiling arrays reported for the validation. Most of the chromatin state based predicted ncRNAs contained repeats and about 38% of the tiling array probes used to validate them also contained repetitive sequence (Material S1). It is likely that the reported tiling array validation of 70% of the chromatin state predicted ncRNAs is an inflated estimate, as many transcripts contain repeats in their UTRs which would cross-hybridize to these probes, providing false positive signals. On the whole, the number of ncRNAs that were not found in ESTs was a tiny fraction of the total number of ncRNAs included in previous publications and in the present report. We conclude that the number of ncRNAs, particularly for intergenic, repeat containing ncRNAs, is significantly underestimated based on our current knowledge.
Sequence conservation is an important functional signature of genomic transcripts. Many of the ncRNAs that we identified, even though they are clearly less conserved than protein-coding genes, show clear sequence conservation compared to randomly selected, un-transcribed genomic fragments. Furthermore, intergenic ncRNAs are more conserved than intronic ncRNAs in all three species. This weak but significant purifying selection of lincRNAs was observed in a previous study [49] and these results are also consistent with the conservation levels of ncRNAs previously identified from cow [26] , as well as previously reported long ncRNA datasets [10, 12, 14] .
Sequence conservation is not the only benchmark for functional significance, as we also observed a small number of protein-coding genes under positive selection. Genes for ncRNAs probably evolve more rapidly than protein-coding genes, which are constrained by triplet codons to maintain the conserved functions of translated proteins. For functional ncRNAs, such as microRNAs, conserved secondary structures have been identified as functional elements required to regulate gene expression. Conserved secondary structures may be more important than conserved primary sequence for long ncRNAs [34] . Furthermore, because many long ncRNAs are transcribed in tissue/cell-type specific fashion [12, 14, 24, 50, 51] we suggest that many ncRNAs might be species-specific. The overall lack of correspondence between neighbor genes with proximate intergenic ncRNAs across species supports the idea that ncRNAs evolve rapidly, generating species-specific patterns of tissue specific, developmental regulation. ncRNAs undergoing positive selection might represent novel tissue/cell-type/species specific regulatory transcripts. A significant exception to the lack of correspondence between neighbor genes and proximate intergenic ncRNAs was the conservation of 108 genes with proximate ncRNAs in human, mouse and zebrafish. 97 of these genes are expressed in human brain, suggesting a conserved cisregulatory role for ncRNAs in brain development. Previously, Chodroff et al. [52] showed that four conserved long ncRNAs also had conserved expression in brain across a range of amniotes. Our results indicate that conservation of ncRNA association with protein-coding genes expressed in brain also occurs (Table 4, Table S3 ), suggesting the vertebrates possess a conserved co-expression or cis-regulatory network of ncRNA/ gene pairs. As discussed above, the biased positional distribution of intergenic ncRNAs suggested cis-regulatory functions. The functional annotation of neighbor genes with nearby intergenic ncRNAs supports this hypothesis. Many intergenic ncRNAs are preferentially transcribed from regions adjacent to regulatory and developmental genes as seen in this report and on a smaller scale by others [10, 24, 38] .
In conclusion, we present a significantly expanded set of ncRNAs that suggests that ncRNAs, while exhibiting sequence conservation, evolve rapidly in terms of their association with neighboring regulatory and developmental genes. The exception to this rapid evolution appears to be with respect to a subset of genes expressed in brain. Long ncRNAs, such as intergenic ncRNAs, may function through different mechanisms as genome wide regulatory elements in many biological pathways, including brain development [53] .
Methods
ncRNA Identification from Human, Mouse and Zebrafish
ncRNA identification was performed using a previously built pipeline [26] . First, all available ESTs were extracted from dbEST (NCBI). After removing low quality sequences and ESTs composed mostly of repetitive elements, all remaining ESTs were clustered and assembled into longer unique consensus transcripts. Protein-coding genes were removed from the unique transcripts based on similarity searches against RefSeqs and Swiss-Prot databases. As a final step, transcripts were checked for ORFs to remove potential un-annotated protein-coding genes. This left a set Figure 6 . Over-represented GO terms of neighbor genes of 59 end gene-proximate intergenic ncRNAs in human (A), mouse (B) and zebrafish (C). The bubble color indicates the P-value (EASE score from DAVID); bubble size indicates the frequency of the GO term in the underlying GOA database. Highly similar GO terms are linked by edges in the graph. Regulatory GO terms were highlighted with cyan-like colors, and developmental-associated GO terms were highlighted with gold colors. doi:10.1371/journal.pone.0052275.g006 of long ncRNAs. To further reduce the redundancy of these long ncRNAs, we reconstructed all putative long ncRNAs based on their genomic coordinates using inchworm [54] .
The classification of ncRNAs into three different categories, intronic, intergenic and overlapped ncRNAs with respect to protein-coding genes was performed with R as previously described [26] . The intergenic ncRNAs that were located within 1 kb of the 59 and 39 ends of protein-coding genes, or with sequence similarity against known UTRs, were further classified as UTR-related RNAs. All remaining intergenic ncRNAs were classified as bona fide intergenic ncRNAs. 
Neighbor Genes and Transcription Orientation of ncRNAs with Respect to Neighbor Genes
The closest protein-coding gene to an intergenic ncRNA was chosen as the neighbor gene of this intergenic ncRNA. The transcriptional orientation of ncRNAs was determined based on two criteria: First, many ESTs extracted from NCBI have cloning and sequencing information, which was used to determine the transcription orientation of both singletons and contigs. Second, the transcription orientation of spliced long ncRNAs was deduced from splicing information when they were mapped onto the genome. The ''sense'' intergenic ncRNAs were defined as transcribing from the same strand as neighbor genes, and vice versa. The sources and summary information for previously characterized ncRNAs are shown in Table 7 . For chromatinbased lincRNAs in human and mouse, we used the exons instead of the long chromatin regions as the known lincRNAs. The overlap of our EST-based ncRNAs with these known long ncRNA datasets were analyzed with the ''GenomicFeatures'' R package.
Conservation Analyses of ncRNAs
Three different conservation scores were used to analyze the sequence conservation of ncRNAs. The GERP++ scores for human and mouse were downloaded from http://mendel. stanford.edu/SidowLab/downloads/gerp/. For zebrafish, the GERP++ scores were calculated with GERP++ tool based on the multiple alignments of 7 genomes (hg19/GRCh37, mm9, xenTro2, tetNig2, fr2, gasAcu1, oryLat2) with danRer7 of zebrafish. The phastCons scores and phyloP scores for human, mouse and zebrafish were downloaded from UCSC based on genome assembly hg19/GRCh37 (human), mm9 (mouse) and danRer7 (zebrafish) respectively. The mean GERP++/phastCons/phyloP score for each ncRNA/RefSeq/control sequence was calculated by normalizing the sum of GERP++/phastCons/ phyloP scores against the length of the sequence. All RefSeqs excluding ''NR'' and ''XR'' entries (non-coding transcripts) were used as the protein-coding gene dataset. The same number of Table 5 . GO terms in common from human, mouse and zebrafish neighbor genes within 5kb of proximate ncRNAs at their 59 end. genomic fragments as ncRNAs, which ranged in size from 500 bp to 15,000 bp, were randomly selected from untranscribed genomic regions (no ESTs mapped) as the control datasets for each species respectively. The cumulative frequency for each dataset was calculated and plotted using the R package.
Functional Classifications of Neighbor Genes of Geneproximate Intergenic ncRNAs
Gene-proximate intergenic ncRNAs were selected from stringent intergenic ncRNAs located within 5 kb of the 59 and 39 ends of protein-coding genes. GO classification of neighbor genes was performed on the DAVID (Database for Annotation, Visualization and Integrated Discovery) web server [55] . The thresholds for over-represented GO terms were set as gene count .5 and p-value Table 6 . GO terms in common from human, mouse and zebrafish neighbor genes within 5kb of proximate ncRNAs at their 39 end. (EASE score) ,0.05. The web server REViGO was used to reduce the redundancy and visualize the overrepresented GO terms based on semantic similarity [56] . The gene symbols of neighbor genes with annotations in GO were compared across species to find common genes. BLAST was used to carry out sequence similarity searches for conserved neighbor genes across all three species.
All protein-coding genes with neighbor genes located in their 5 kb flanking regions were analysed in the same fashion as neighbor genes of intergenic ncRNAs. 
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